ABSTRACT--Experimental transmission of Myxidium fugu and Myxidium sp. TP (formerly de scribed as Myxidium sp. in tiger puffer Takifugu rubripes) among tiger puffer was successful by the following 3 methods; 1) feeding infected gut tissue, 2) cohabitation with infected fish, 3) expo sure to effluent from a tank containing infected fish. Regardless of the transmission methods, prevalences of infection in the intestine with M. fugu reached 100%. However, those with Myxidium sp. TP, which is suspected of an etiological agent of the emaciation disease, varied among experiments conducted in different months, suggesting that development of Myxidium sp. TP was strongly influenced by the ambient temperature.
The emaciation disease has recently emerged in the culture of tiger puffer Takifugu rubripes in Japan. Affected fish exhibited clinical signs of severe emacia tion; typically, sunken eyes, bony ridges on the head and a tapered body (Ogawa and Yokoyama, 2001) . As pos sible etiological agents, 2 new and one unidentified spe cies of myxosporeans; Myxidium fugu, Leptotheca fugu and Myxidium sp. TP (formerly described as Myxidium sp. in tiger puffer) together with hyperparasitic micro sporeans in the former 2 species, were described from the intestine of tiger puffer (Tin Tun et al., 2000) . Fur ther histopathological examinations implied that Myxidium sp. TP and L. fugu were probably the caus ative agents of the emaciation disease (Ogawa and Yokoyama, 2001; Tin Tun et al., 2002) .
To date, the life-cycle of freshwater myxosporeans has been elucidated to undergo an alternation of fish and annelid hosts (Yokoyama, 1997) , but this has yet to be proven for marine myxosporeans.
However, Myxidium leei, a histozoic myxosporean in the intestine of gilt-head sea bream Sparus aurata, was demonstrated to transmit directly from fish to fish (Diamant, 1997) . Although alternate invertebrate hosts and actinosporean stages may be involved in the natural life-cycle of M. leei, it was evident that developmental stages of M. leei excreted from infected fish were transmittable to other fish. In a netpen of cultured tiger puffer, we frequently observe fish trailing their reversed and extruded hindgut, which is probably pecked by other fish. Thus, as in the case of M. leei, fish-to-fish transmission of the intestinal myxo sporeans through the oral route is suspected.
In the present study, therefore, experimental transmission of M. fugu and Myxidium sp. TP in tiger puffer juveniles were tried by the following 3 methods; 1) feeding infected gut tissue; 2) cohabitation with infected fish; 3) exposure to effluent from a tank holding infected fish. ment 2. Dead or moribund fish were necropsied and examined for myxosporean infections. Fish were sub sequently sampled, and lastly, all the remaining fish were necropsied on days 91-93 and examined for myxosporean infections (Table 3) .
Experiment 4
Eighty naive fish (average body weight, 128 g) were fed for 3 consective days with pieces of intestine (total weight, 67.4 g) collected from 32 infected fish which were sampled at the end of Experiment 3. Fish were subsequently necropsied from control and experimental groups to examine myxosporean infections (Table 4) .
Experiment 5
Thirty six naive fish (average body weight, 33 g) were placed in a tank receiving effluent discharged from another tank holding 15 survivors of experimental (in fected) group of Experiment 4, so that the naive fish were continuously exposed to effluent from the tank of infected fish. Exposed fish were sampled on days 41 and 55 to examine myxosporean infections (Table 5) 
Discussion
This study demonstrates that Myxidium fugu and Myxidium sp. TP transmit directly among cultured tiger puffer and that fish-to-fish transmission of marine myxosporeans, as in the case of M. leei, can occur with out actinosporean development in alternate invertebrate host. However, it cannot be ruled out that these marine myxosporeans have life-cycles with fish and inverete brate hosts originally in natural waters. Considering the successful transmission of Myxidium sp. TP, an excep tional myxosporean which does not form fully mature spores, it is evident that trophozoites of Myxidium sp. TP excreted from the infected fish were transmittable to other fish. Likewise, in M. fugu infection, it is possible that only trophozoites are infective to fish, while spores can infect only alternate hosts. If so, initial infection might derive from a waterborne actinospores, and fish to-fish transmission observed might occur only within an intensive cage culture. Diamant (1997) observed in fected tissue fragments containing developmental stages of Myxidium leei in effluent filtrate from the infected stock, and suggested that excreted trophozoites act as a significant role for fish-to-fish transmission.
In the present study, prevalences of infection with M. fugu reached 100%, whereas those with Myxidium sp. TP varied among experiments conducted in different seasons, suggesting that the development of Myxidium sp. TP was strongly influenced by the ambient tempera ture. Although Experiment 1 resulted in unsuccessful transmission of Myxidium sp. TP, Experiment 2 using remaining fish of Experiment 1 revealed re-emergence of Myxidium sp. TP in both donor and cohabited fish. We speculate that Myxidium sp. TP infection was latent during Experiment 1 because of a low temperature, resulting in "a false negative" at the end of Experiment 1. This warrants further study to determine the tem perature dependency of Myxidium sp. TP on its develop ment .
The results of this study suggest that Myxidium sp. TP is highly pathogenic, probably one of the etiological agents of the emaciation disease, while M. fugu is harmless.
However, Myxidium sp. TP infections were not always associated with the onset of the emaciation disease, which was usually observed in high tempera ture periods (Experiments 2, 3 and 5). Further, a high grade morbidity was found in Experiment 3, in which relatively small fish were used. These suggest that temperature and fish size are key-factors affecting the onset of the emaciation disease.
A possible retardation of fish growth was also observed in infected fish in Experiment 3. However, mixed infections with Myxidium spp. make it difficult to analyse the causal relation. It is still unknown that Leptotheca fugu, another histozoic myxosporean in the intestinal mucosa of tiger puffer, is pathogenic as well and transmittable from fish to fish. Recently, Branson et al. (1999) reported an uni dentified Myxidium from the intestine of farmed turbot Scophthalmus maximus and described that mortality in the infected fish reached 100% in summer.
In conclusion, the present study suggests that fish to-fish transmission of Myxidium spp. occurs in sea cages, inducing a rapid spread of the emaciation dis ease among farmed tiger puffer. 
